We investigated the associations between single nucleotide polymorphisms (SNPs) in the testis-specific Y-encoded-like protein 6 (TSPYL6) gene and breast cancer (BC) susceptibility in the Han Chinese population. A total of 183 BC patients and 195 healthy women were included in the study. Six SNPs in TSPYL6 were genotyped and the association with BC risk analyzed. Odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated using unconditional logistic regression analysis. Multivariate logistic regression analysis was used to identify SNPs that correlated with BC susceptibility. Rs11896604 was associated with a decreased risk of BC based on dominant and genotype models. Rs843706 was associated with an increased risk of BC based on a recessive model. Rs11125529 was associated with decreased BC susceptibility based on a genotype model. Finally, rs843711 inversely correlated with clinical stage III/IV BC. Our findings reveal a significant association between SNPs in the TSPYL6 gene and BC risk in a Han Chinese population.
INTRODUCTION
Breast cancer (BC) is the most common type of cancer and the leading cause of cancer deaths among women worldwide (particularly in less developed regions including East Asian countries, which accounted for 324,000 deaths or 14.3% of the total) [1] . According to GLOBOCAN 2012, 187 ,213 individuals were diagnosed with BC in China in 2012, and 47,984 of these individuals died of the disease [2] . BC is a multifactorial disease that has been associated with various factors including age, gender, ethnicity, family history, personal history, lifestyle, as well as both hormonal and non-hormonal risk factors [3] . Hereditary BC clusters in families and is typically diagnosed at an earlier age [4] . Studies of twins have indicated that the risk of BC is higher for a monozygotic twin of a co-twin, suggesting that genetic factors play an important role in BC development [5] . Single nucleotide polymorphisms (SNPs) also play an important role in the genetic susceptibility to BC. Many genes have been associated with a moderate or high lifetime risk of BC including BRCA1, BRCA2, PALB2, ATM, and CHEK2. In addition, common variants at more than 70 loci have been identified through GWAS and large-scale replication studies [6] [7] [8] [9] .
The testis-specific Y-encoded-like protein 6 (TSPYL6) gene, located on human chromosome 2p16.2, is a member of the TSPY/TSPYL/SET/NAP-1 (TTSN) superfamily that includes TSPYL1, TSPYL2, TSPYL3, TSPYL4, and TSPYL5 [10] . Upregulation of TSPYL6 has been observed in both benign and malignant cells. The TSPYL6 protein has been associated with chromatin and Research Paper nucleosome assembly [11] . However, the specific functions of TSPYL6 are not yet clear. Norling et al. [12] sequenced the TSPYL6 gene in an entire Sweden patient cohort, but no inactivating mutations were identified. Additionally, no studies have investigated correlations between the TSPYL6 gene and BC susceptibility. In this case-control study, we genotyped six SNPs in TSPYL6: rs843645, rs11125529, rs12615793, rs843711, rs11896604, and rs843706 and performed a comprehensive association analysis to identify SNPs associated with BC risk in Han Chinese women.
RESULTS

Participant characteristics
A total of 183 patients with BC and 195 healthy individuals were enrolled in the study. The participant characteristics are shown in Table 1 . No significant differences in age, body mass index (BMI), or the menopause age were observed between patients in the case and control groups (p > 0.05). The mean age of the participants was 45.35 years in the control group and 46.40 years in the case group. The mean BMI was 22.53 in the control group and 23.08 in the case group.
Association between TSPYL6 polymorphisms and BC risk
Detailed SNP data and the associations between various SNPs and BC risk are shown in Table 2 . Our data indicated that all 6 SNPs investigated were in HardyWeinberg equilibrium in the control subjects (p > 0.05). No associations were observed between the alleles and BC risk in an allele model. We also performed a Bonferroni correction and determined that none of the SNPs showed statistical significant associations with BC risk.
We further assessed the association between each SNP and BC risk in an unconditional logistic regression analysis, which was performed using four models: additive, dominant, recessive, and genotype model (Tables  3 and 4 (Table 3) . Rs11125529 was associated with a decreased risk of BC under the genotype model (OR = 0.612, 95% CI = 0.391-0.959, p = 0.032) ( Table 4) . Rs11896604 was associated with a decreased risk of BC in a genotype model (OR = 0.574, 95% CI = 0.370-0.891, p = 0.013). No statistical associations were detected under the other models. In addition, no positive results were observed after Bonferroni correction.
In order to assess the associations between SNP haplotypes and BC risk, a Wald test was performed using an unconditional multivariate regression analysis. However, no positive results were observed ( 
DISCUSSION
In this study, we investigated the association between SNPs in the TSPYL6 gene and BC risk in Han Chinese women. We found that four SNPs (rs11896604, rs843706, rs11125529, and rs843711) were associated with the risk of BC in this population. Rs11896604 was associated with a decreased risk of BC in a dominant and genotype model, but the various genotypes were associated with an increased risk of recurrence in BC patients. An association between this locus and other diseases has not been previously reported. Rs843706 was associated with an increased risk of BC in a recessive model, but there was a decreased association between the SNP and the risk of recurrence as well as with clinical stage III/IV BC.
We are the first to demonstrate an association between this locus and BC susceptibility. Rs11125529 was associated with a decreased risk of BC in a genotype model, but an increased risk of recurrence. Although Ding et al. reported neither the genotype nor the allele frequencies at rs11125529 in ACYP2 differed significantly between coronary heart disease patients and normal controls [13] . The association between the telomere lengthrelated variant rs11125529 in ACYP2 and gastric cancer risk was previously investigated in a Chinese population, but no significant association was identified [14] . We found that the rs843711 genotypes in the TSPYL6 gene were inversely correlated with clinical stage III/IV BC. Finally, rs843645 and rs12615793 were not associated with the risk of BC. The function of TSPYL6 may be similar to those of other members of the TTSN superfamily. However, the molecular mechanisms underlying TSPYL6 function have not been elucidated. Mutation of TSPYL can cause sudden infant death with dysgenesis of the testes (SIDDT) in affected males, indicating that TSPYL is important for the development of the testis and other tissues such as the brain [15] . Although TSPYL is expressed in all tissues [16] , the role of TSPYL in tumor cells is not clear. The TSPYL4 gene is located 25 kb from TSPYL, however no coding variants were identified in affected individuals with direct sequencing. The TSPYL1 gene does not contain any introns, but the exact composition has not been determined [17] .
TSPYL2 gene and cyclin B can inhibit cell proliferation by arresting cell growth in response to DNA damage [18] . Thus, it has been suggested that TSPYL2 is a negative regulator of cell cycle progression. The TSPYL2 gene is silenced in glioma and malignant lung tissue, and in certain lung cancer cell lines [19] . Overexpression of TSPYL2 can inhibit human lung and breast cancer cell lines [20] . However, there is limited evidence for a direct function of TSPYL2 in cell cycle control. Interestingly, the TSPYL5 gene has been reported to suppress gastric cancer development [21] . Further studies are required to characterize the function of TSPYL6 and elucidate the mechanisms underlying the association between the TSPYL6 and BC susceptibility. Currently, the relationship between clinical characteristics in BC patients and TSPYL6 gene expression/function is not clear. Our study is the first to demonstrate that polymorphisms in TSPYL6 affect the pathogenesis of BC and are associated with clinicopathological characteristics of BC patients. Collectively, the results provide insight into the pathogenesis of BC. Although this study had sufficient statistical power, there were still some intrinsic limitations. First, the sample size was relatively small (183 cases and 195 controls). Therefore, our findings must be confirmed in studies with larger sample sizes as well as in a meta-analysis. Additionally, we only analyzed Han Chinese women. Therefore, our results must be validated in studies of other populations. Finally, although we identified significant associations between four SNPs (rs11896604, rs843706, rs11125529, and rs843711) and BC susceptibility, the mechanisms responsible for the associations are still unclear. Further studies of TSPYL6 and other members of the TTSN superfamily are necessary to dissect the mechanisms by which polymorphisms in these genes contribute to BC risk. Hereditary, endocrine, environmental, and life style factors should be also considered.
We performed Bonferroni correction in our statistical analysis, but found no statistical significant associations between TSPYL6 SNPs and risk of BC. This may be due to the relatively small sample size, the selection criteria for TSPYL6 SNPs (minor allele frequency [MAF] > 5%), and the weakness of Bonferroni correction itself (the interpretation of a finding depends on the number of other tests performed). True differences may have been deemed non-significant given the likelihood of type II errors.
MATERIALS AND METHODS
Study participants
A total of 183 patients with BC and 195 healthy women were included in this study. The patients were treated at the Second Affiliated Hospital of Xi'an Jiao Tong University between January 2013 and November 2015. All demographic and related clinical data including residential region, age, ethnicity, and education status were collected through a face-to-face questionnaire and a review of medical records. The clinical and demographic characteristics of the patients are shown in Table 1 . Patients who had been recently diagnosed with primary BC (confirmed by histopathological analysis) were included in the study. Patients diagnosed with other types of cancers or who underwent radiotherapy or chemotherapy were excluded. Control patients who had undergone annual health evaluations were recruited from health checkup centers affiliated with our institution. All controls were matched with cases based on age (p = 0.218) and ethnicity. All control patients had no history of cancer. Factors that could influence the mutation rate were minimized. The participants were women who were ≥ 18 years old with good mental health and no blood relatives with BC going back three generations. This study was performed in accordance with the Chinese Department of Health and Human Services regulations for the protection of human research subjects. Informed consent was obtained from all participants and the study protocols were approved by the Institutional Review Board of Xi'an Jiao Tong University.
SNP selection and genotyping
Validated SNPs that had a MAF > 5% in the HapMap Asian population were selected for the association analysis [12, 20, 22, 23] . Venous blood samples (5 mL) were collected from each patient during a laboratory examination. DNA was extracted from whole blood samples using the Gold Mag-Mini Whole Blood Genomic DNA Purification Kit (version 3.0; TaKaRa, Japan) [24] . The DNA concentration was measured by spectrometry (DU530 UV/VIS spectrophotometer, Beckman Instruments, Fullerton, CA, USA). The Sequenom MassARRAY Assay Design 3.0 software (Sequenom, Inc, San Diego, CA, USA) was used to design the multiplexed SNP Mass EXTEND assay. Genotyping was performed using a Sequenom MassARRAY RS1000 (Sequenom, Inc.) according to the manufacturer's protocol [25] . The SequenomTyper 4.0 Software™ (Sequenom, Inc.) was used to manage and analyze the data [26] . The primers corresponding to each SNP are shown in Table 7 . Based on these results, the following six SNPs were selected: rs843645, rs11125529, rs12615793, rs843711, rs11896604, and rs843706. The SNP data are shown in Table 3 .
Statistical analysis
Chi-squared tests (categorical variables) and Student's t-tests (continuous variables) were used to evaluate the differences in the demographic characteristics between the cases and controls [27] . The Hardy-Weinberg equilibrium of each SNP was assessed in order to compare cACTTGGTCTTATCT GATGC the expected frequencies of the genotypes in the control patients. All of the minor alleles were regarded as risk alleles for BC susceptibility. To evaluate associations between the SNPs and risk of BC in the four models (genotype, dominant, recessive, and additive), ORs and 95% CIs were calculated using unconditional logistic regression analysis [28] . In multivariate analyses, unconditional logistic regression was used to assess the association between each SNP and the risk of BC after adjusting for BMI, age, and menopause [28] . Linkage disequilibrium analysis and SNP haplotypes were analyzed using the Haploview software package (version 4.2) and the SHEsi software platform (http://www.nhgg.org/ analysis/) [29] . All statistical analyses were performed using the SPSS version 17.0 statistical package (SPSS, Chicago, IL, USA) and Microsoft Excel. A p < 0.05 was considered statistically significant and all statistical tests were two-sided.
CONCLUSIONS
In summary, we have identified four novel associations between SNPs (rs11896604, rs843706, rs11125529, and rs843711) in TSPYL6 and BC. Our results suggest that these SNPs may contribute to BC development and possibly other complex genetic traits. These SNPs may function as molecular markers of BC susceptibility, and could therefore be used as diagnostic and prognostic markers in clinical studies of BC patients.
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